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(54) Cooled turbine nozzle sector 

(57) A turbine nozzle includes hollow nozzle vanes 
(36) mounted between outer and inner bands (38,40). 
The inner band (40) Includes an integral sicirt (44) 
around the perimeter thereof. A backing sheet (62) of a 
honeycomb seal (60) is mounted to the skirt to define a 
cavity (46) therein. The inner band includes supply ap- 



ertures (42) for providing cooling air Into the cavity, and 
the skirt includes forward and aft purge holes (48,50) for 
discharging the cooling air therefrom. During operation, 
the air channeled through the cavity cools the backside 
of the inner band and is then discharged through the 
purge holes. 
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Description 

[0001] The present Invention relates generally to gas 
turbine engines, and, more specifically, to turbine noz- 
zles therein. 

[0002] In a gas turbine engine, air is pressurized In a 
compressor and mixed with fuel in a combustorfor gen- 
erating hot combustion gases which flow downstream 
through turbine stages that extract energy therefrom. A 
high pressure turbine first receives the hot combustion 
gases from the combustorand Includes a stator nozzle 
which directs the combustion gases downstream 
through a row of high pressure turbine rotor blades ex- 
tending radially outwardly from a supporting rotor disk. 
In a two-stage turbine, a second stage stator nozzle is 
disposed downstream of the first stage blades followed 
In turn by a row of second stage rotor blades extending 
radially outwardly from another supporting disl^. 
[0003] The first and second rotor disks are joined to 
the compressor by a corresponding rotor shaft for pow- 
ering the compressor during operation. A multistage low 
pressure turbine follows the two-stage high pressure 
turbine and is typically joined by a second rotor shaft to 
a fan disposed upstream from the compressor in a typ- 
ical turbofan aircraft engine configuration for powering 
an aircraft in flight. 

[0004] As the combustion gases flow downstream 
through the turbine stages energy Is extracted therefrom 
and the pressure thereof is reduced. A substantial pres- 
sure drop occurs across the second stage turbine noz- 
zle, for example, and an Interstage seal is typically pro- 
vided thereat to seal combustor gas leakage around the 
nozzle. 

[0005] More specifically, an annular interstage seal 
ring Is mounted axially between the first two rotor disks 
for rotation therewith during operation, and includes lab- 
yrinth seal teeth which extend radially outwardly. A hon- 
eycomb stator seal is mounted to the inner end of the 
second stage nozzle In close proximity to the seal teeth 
for effecting labyrinth seals therewith for minimizing fluid 
flow therebetween. 

[0006] The interstage seal ring includes an annular 
forward portion which defines a forward cavity on one 
side of the seal teeth, and an aft portion which defines 
an aft cavity on the opposite side of the seal teeth. 
[0007] The nozzle vanes are hollow and provided with 
a portion of pressurized air from the compressor which 
is used for cooling the vanes during operation. A portion 
of the vane air Is then channeled radially inwardly 
through the inner band and discharged through corre- 
sponding rows of forward and aft purge holes which sup- 
ply purge air into the corresponding forward and aft 
purge cavities on opposite sides of the seal teeth. 
[0008] In orderto enhance cooling of the nozzle vanes 
themselves, the vanes typically include one or more im- 
pingement baffles or inserts therein which have thin 
sheet metal construction with a multitude of Impinge- 
ment holes therethrough. The surrounding wall of the 



impingement baffle Is spaced closely adjacent to the in- 
ner surface of the hollow vanes for discharging corre- 
sponding jets of impingement air thereagainst for en- 
hanced cooling thereof. The spent impingement air may 
s then be discharged through various film cooling holes 
formed through the pressure or suction sides, or both, 
of the vanes. 

[0009] The radially outer and inner nozzle bands sup- 
porting the vanes provide corresponding boundaries for 

10 the combustion gas flow and require correspondingly 
less cooling thereof. In a typical configuration, each noz- 
zle vane includes an inlet tube or spoolie extending out- 
wardly from the outer band in which cooling air from the 
compressor Is provided. The air travels radially inwardly 

15 through the impingement baffle inside each vane, and 
typically is channeled in part radially through the inner 
band for providing purge air into the coresponding for- 
ward and aft purge cavities. 

[0010] In one configuration found in commercial serv- 
20 ice, a transfer tube extends through the inner band for 
providing pre-impingement air directly into a small cavity 
created under an Individual vane by a sheet metal cover 
spaced closely adjacent thereto. The sheet metal cover 
itself is impingement cooled by the air channeled 
25 through the transfer tube, with the spent impingement 
air then being directed into the forward purge cavity, for 
example. 

[0011] The interstage honeycomb seal typically in- 
cludes a sheet metal backing sheet or plate which Is sult- 
30 ably fixedly attached to corresponding portions of the 
Inner band, typically without dedicated cooling circuits 
therefor. 

[0012] This configuration of the inner band and hon- 
eycomb seal attached thereto requires multiple parts 
35 which Increases the cost and complexity of the config- 
uration. And, this configuration enjoys local cooling ca- 
pability limited to directly below the individual nozzle 
vanes. 

[0013] However, In the development of an improved 
40 turbofan gas turi^lne engine, the combustion gases dis- 
charged from the combustor and channeled to the sec- 
ond stage turbine nozzle have a maximum temperature 
or peak biased closer to the Inner band, than the typical 
center-peaked temperature profile In previous engines. 
45 Accordingly, the inner band is subject to a greater heat 
load during operation and requires a cooling configura- 
tion specifically configured therefor for ensuring a suit- 
able useful life of the second stage nozzle during oper- 
ation. 

50 [0014] Accordingly, It is desired to provide an im- 
proved turiDlne nozzle having inner band cooling In a 
configuration supporting an Interstage honeycomb seal. 
[0015] According to the present invention, a turbine 
nozzle includes hollow nozzle vanes mounted between 

55 outer and inner bands. The inner band includes an in- 
tegral skirt around the perimeter thereof. A backing 
sheet of a honeycomb seal is mounted to the skirt to 
define a cavity therein. The inner band Includes supply 
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apertures for providing cooling air into the cavity, and 
the skirt Includes forward and aft purge holes for dis- 
charging the cooling air therefrom. During operation, the 
air channeled through the cavity cools the backside of 
the inner band and is then discharged through the purge 
holes. 

[0016] The invention, In accordance with preferred 
and exennplary embodiments, together with further ob- 
jects and advantages thereof, is more particularly de- 
scribed in the following detailed description taken in con- 
junction with the accompanying drawings in which: 

Figure 1 is a partly schematic, axial section view 
through a portion of an exemplary turbofan gas tur- 
bine engine having a second stage turbine nozzle 
in accordance with an exemplary embodiment of 
the present invention. 

Figure 2 Is an exploded, isometric view of the un- 
derside of one of the segments of the turbine nozzle 
illustrated in Figure 1 in accordance with a preferred 
embodiment. 

Figure 3 is a partly sectional aft-facing-forward view 
of a portion of the turbine nozzle illustrated in Figure 
1 and taken along line 3-3. 

[0017] Illustrated schematically in Figure 1 is a portion 
of a gas turbine engine 10 in the exemplary form of a 
turbofan aircraft engine configured for powering an air- 
craft in flight. The engine is axisymmetrical about a lon- 
gitudinal or axial centerllne axis 12 and includes a con- 
ventional multistage axial compressor 14 disposed 
downstream from a fan (not shown). Air 16 first enters 
the engine through the fan and compressor wherein It 
Is pressurized for discharge Into an annular combustor 
18, shown in aft part. The air Is mixed with fuel in the 
combustor and ignited for generating hot combustion 
gases 20 which are discharged from the combustor in 
sequence through corresponding turbine stages. 
[0018] A two-stage high pressure turbine (HPT) is il- 
lustrated in Figure 1 in an exemplary configuration in- 
side a surrounding annular Inner casing 22. 
[0019] The HPT includes an annularfirst stage turbine 
nozzle 24 which first receives the combustion gases 
from the outlet end of the combustor. The first stage noz- 
zle may have any conventional configuration and in- 
cludes a row of hollow stator vanes fixedly mounted to 
radially outer and inner bands suitably supported inside 
the engine. 

[0020] A row of first stage rotor blades 26 extends ra- 
dially outwardly from the perimeter of a supporting first 
rotor disk 28 which extracts energy from the combustion 
gases first discharged from the nozzle 24. 
[0021] A second stage turbine nozzle 30 is suitably 
mounted directly downstream from the first stage blades 
26 for redirecting the combustion gases through a down- 
stream row of second stage rotor blades 32 extending 



radially outwardly from a corresponding second rotor 
disk 34. The first and second rotor disks 28,34 are fix- 
edly joined to the rotor of the compressor 14 by a com- 
mon rotor shaft extending therebetween, and energy ex- 

s tracted by the two stages of rotor blades Is used for pow- 
ering the compressor during operation. 
[0022] The second stage turbine nozzle 30 Illustrated 
in Figures 1 and 2 is a segmented ring including a pair 
of hollow nozzle or stator vanes 36 fixedly joined at op- 

^0 posite radial ends to correspondingly radially outer and 
inner bands 38,40. The bands are arcuate segments, 
preferably with only two vanes per band segment, with 
the segments adjoining each other circumferentially and 
sealed together by corresponding spline seals disposed 

15 therebetween in a conventional manner. 

[0023] In the exemplary configuration illustrated in 
Figure 1 , the combustion gases 20 are discharged from 
the combustor 1 8 with a radial temperature profile T hav- 
ing a maximum or peak temperature biased toward the 

20 inner f lowpath boundary as opposed to the radial center 
of the f lowpath span. In this way, the inner band 40 of 
the second stage turbine nozzle experiences higher 
heat loads than it otherwise would If the combustion gas 
temperature profile were center-peaked in the typical 

25 manner. The lower-span peaked temperature profile Im- 
proves engine perfonnance, but con^espondingly sub- 
jects the nozzle inner band to a higher heat load. 
[0024] Accordingly, the Inner band 40 of the second 
stage nozzle has an improved configuration illustrated 

30 In more detail in Figure 2 for providing effective cooling 
thereof in a simple and cost effective assembly for its 
use between the first and second high pressure turbine 
rotor stages. 

[0025] Each nozzle segment illustrated in Figure 2 in- 

35 dudes a pair of supply apertures 42 extending radially 
therethrough con-esponding with respective ones of the 
two vanes 36. The Inner band also includes an integral 
skirt 44 extending radially inwardly from the perimeter 
of the inner band to define a common cooling cavity or 

^0 plenum 46. The cooling cavity extends below the inner 
band of each segment and under both vanes for maxi- 
mizing the exposed intemal area of the inner surface of 
the Inner band opposite to its external outer surface over 
which flow the hot combustion gases. 

45 [0026] The skirt includes a row of fonward purge holes 
48 and row of aft purge holes 50 extending through the 
skirt at axially opposite ends of the inner band for flow 
communication with the cooling cavity. The supply ap- 
ertures 42 provide Inlets into the common chamber or 

50 cavity 46 for the cooling air, and the purge holes 48,50 
provide outlets from the common cavity. 
[0027] Refemng again to Figure 1 , an interstage seal 
is defined between the first and second rotor disks 28,34 
and Includes an annular Interstage seal ring 52 having 

55 a plurality of labyrinth seal teeth 54 extending radially 
outwardly therefrom. The ring 52 includes an annular 
forward portion adjoining the first disk 28 to define an 
annular foHA^ard purge cavity 56, and annular aft portion 
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adjoining the second rotor disk 34 to define an annular 
aft purge cavity 58. The seal ring 52 may have any con- 
ventional configuration with its forward and aft portions 
typically being In the form of Integral blade retainers for 
retaining axial dovetails of the corresponding rotor s 
blades 26,32 in their respective rotor disks. 
[0028] The seal teeth 54 cooperate with an interstage 
stator honeycomb seal 60 having a thin sheet metal 
backing sheet or plate 62 suitably attached thereto. The 
honeycomb seal is supported from the inner band of the 
second stage nozzle to create a relatively small radial 
gap with the corresponding seal teeth 54 for maintaining 
differential pressure between the forward and aft purge 
cavities 56,58. The thin sheet metal backing sheet 62 
may be locally reinforced by stiffening ribs such as the 
one illustrated in the center of Figure 3. 
[0029] In the preferred embodiment Illustrated In Fig- 
ures 1 and 2, the backing sheet 62 Is brazed to the skirt 
44 to sealingly enclose the cooling cavity 46 to permit 
circulation of the cooling airtherein for enhanced cooling 
of the back side of the inner band during operation. 
[0030] As shown In more detail In Figures 2 and 3, the 
backing sheet 62 is preferably imperforate for sealingly 
closing the cavity 46 around its full perimeter by brazing 
thereto. And, the backing sheet is spaced substantially 
unlfonnly from the innerband In circumferential direction 
within the full perimeter of the surrounding skirt 44 to 
pemriit substantially unobstructed circulation of the cool- 
ing air along the entire inner surface of the inner band 
for convection cooling thereof. In this way, the cooling 
air may directly enter the cooling cavity 46 during oper- 
ation and circulate within substantially the full extent of 
the inner band for cooling the Inner band from the high 
heat load of the combustion gases f lowable over the out- 
er surface thereof. 

[0031] As best shown in Figures 1 and 3, each of the 
vanes 36 preferably includes a perforate impingement 
baffle or insert 64 having a thin sheet metal configuration 
spaced closely adjacent to the Inner surface of the hol- 
low vane In any conventional manner. The baffle in- 
cludes a multitude of small holes therein which direct 
the cooling air 16 in corresponding jets of air in impinge- 
ment against the inner surface of the vane during oper- 
ation. 

[0032] As shown in Figure 1 , the outer band includes 
a corresponding inlet tube or spoolie 66 which extends 
radially therethrough in flow communication with the top 
of the con^esponding Impingement baffle for convention- 
ally channeling a portion of compressor bleed air into 
the impingement baffle for flow radially inwardly there- 
through. The cooling air channeled into the baffle is dis- 
charged in part through the impingement holes thereof 
inside the vanes, and may then be discharged through 
conventional film cooling holes 68 disposed in the op- 
posite pressure or suction sides of the vanes, or both 
sides. 

[0033] As shown in Figure 3, each baffle 64 preferably 
also includes an outlet injector tube 70 extending 



through a corresponding one of the supply apertures 42 
into the common cavity for supplying a portion of pre- 
impingement air from Inside the baffles directly to the 
cavity 46 without first undergoing Impingement cooling 
of the inner surface of the nozzle vanes. The bottom end 
of the baffle 64 may be closed by sheet metal to which 
the injector tube 70 is suitably brazed. 
[0034] In the preferred embodiment illustrated in Fig- 
ures 2 and 3, the Injector tube 70 is cylindrical and has 
a circular sheet metal cap 72 suitably brazed thereto. 
The cap faces the backing sheet 62 for obstructing flow 
of the cooling air In impingement against the backing 
sheet. Correspondingly, each injector tube 70 includes 
at least one side aperture 74 for discharging the cooling 
air laterally into the cavity for circulation therein. 
[0035] In the preferred embodiment illustrated in Fig- 
ure 3, the cap 72 is imperforate, and the Injector tube 
70 includes four of the side apertures 74 spaced apart 
from each other for providing multidirectional Injection 
of the cooling air into the cooling cavity 46. 
[0036] The Injector tube 70 Is sized with a suitable flow 
area for discharging a suffrclent flow rate of cooling air 
inside the cooling cavity, and the one or more side ap- 
ertures 74 preferably have a collective flow area sub- 
stantially equal to that of the tube itself. In this way, the 
cooling air may be efficiently injected laterally into the 
cooling cavity for maximizing convection cooling of the 
inner surface of the inner band. 
[0037] The radial height of the cooling cavity 46 is suf- 
ficiently large to ensure circulation of the cooling air dis- 
charged from the two injector tubes per nozzle segment 
within the common cavity 46 for substantially unob- 
structed flow circulation therein. The injector tubes 70 
therefore extend from the inner band and radially In- 
wardly across the span of the cavity to position the end 
cap 72 closely adjacent to the backing sheet 62. And, 
the side apertures 74 are preferably disposed centrally 
between the Inner band and the backing sheet to dis- 
tribute the cooling air laterally throughout the cavity with- 
out obstruction. 

[0038] Since the backing sheet 62 is sheet metal, and 
the inner band and surrounding skirt are substantially 
thicker cast metal components subject to locally differ- 
ent operating environments, they correspondingly have 
different thermal response during operation. The cap 72 
is provided at the end of the injector tube to minimize or 
prevent direct impingement cooling of the themnally fast 
responding backing sheet 62 which would be subject to 
locally high thermal stress and distortion under impinge- 
ment cooling. Distortion of the backing sheet in turn dis- 
torts the honeycomb seal and can adversely affect seal- 
ing perfomnance with the labyrinth seal teeth 54. 
[0039] The lateral discharge of the cooling air from the 
injector tubes pennits more uniform cooling of the sur- 
rounding components of the cooling cavity 46 for reduc- 
ing thermal stress therein and reducing corresponding 
distortion. And, most significantly, a majority of the inner 
surface of the Inner band is exposed to the circulating 
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cooling air inside the cavity 46 for effective cooling of 
the inner band itself during operation. 
[0040] As shown in Figures 1 and 2, each of the vanes 
36 has axially opposite leading and trailing edges 76,78. 
Each vane also includes a generally concave pressure 
side and an opposite generally convex suction side ex- 
tending axlaiiy between the leading and trailing edges, 
and radially in span between the outer and inner bands. 
[0041] As shown in Figure 2, the skirt 44 includes a 
forward wall disposed below the leading edges of the 
vanes, and an aft wall disposed below the trailing edges 
of the vanes. And, a pair of circumferentially opposite 
side walls or endwalls of the sicirt are disposed at the 
opposite sides of the vane pair in each inner band seg- 
ment defining a generally rectangular connmon cooling 
cavity 46 under both vanes. 

[0042] As shown in Figures 2 and 3, each of the vanes 
36 preferably comprises a common casting with con^e- 
spondtng half portions of the outer and inner bands 
38,40 having common end faces or splitlines 80 brazed 
together to fomri an integral nozzle segment having the 
vane pair In the corresponding outer and inner bands. 
In this way, each vane may be cast with corresponding 
portions of the outer and inner bands, and correspond- 
ing portions of the integral sicirt, and then the two cast 
vane segments and complementary portions of the skirt 
are joined together at the common splitlines and brazed 
therealongforfonning an integrated, discrete assembly 
of two vanes and cooperating band segments. The noz- 
zle segments, in turn, adjoin each other around the full 
circumference of the turbine nozzle and include conven- 
tional spline seals between the end faces thereof in a 
conventional sealing arrangement. 
[0043] In the preferred embodiment illustrated in Fig- 
ure 3, the skirt 44 is part of the common casting with the 
Inner band 40, with the fon/vard and aft walls of the skirt 
initially split along the casting splitline during casting and 
prior to assembly by brazing thereat. A corresponding 
one of the skirt endwalls is initially cast in each vane 
segment, with the brazed-together skirt providing full pe- 
rimeter enclosure of the common cavity 46. 
[0044] In the preferred embodiment illustrated in Fig- 
ures 1 and 2, the aft wall of the inner band skirt Includes 
a circumferentially extending retention slot 82 which fac- 
es axially fon/vardly for receiving an aft end of the back- 
ing sheet 62 in a tongue and groove mechanical joint 
therewith. As shown in Figure 2, the remaining two end- 
walls and forward wall of the skirt include generally flat, 
smooth narrow lands 84 configured for receiving in abut- 
ment thereagainst a con^espondlng perimeter of the 
backing sheet 62 which may then be conventionally 
brazed thereto. 

[0045] And, the forward end of the backing sheet 62 
is preferably arcuate or L-shaped in axial section and 
confomns to a complementary arcuate extemal surface 
of the skirt forward wall for extending the braze joint 
therewith. In this way, the lands provide narrow perim- 
eter braze sealing of the backing sheet to the skirt, with 



the brazed-sealed aft end of the backing sheet being 
mechanically trapped In the retention slot 82, and the 
brazed-sealed forward end of the backing sheet being 
configured for carrying shear loads to increase bonding 

s strength of the backing sheet to the skirt. 

[0046] Since the differential pressure between the 
commoncoolingcavity46 Illustrated In Figure 1 is great- 
er with the aft purge cavity 58 then with the with the for- 
ward purge cavity 56, the aft retention slot 82 enhances 

10 the mechanical retention of the backing sheet against 
the greater differential pressure thereat, 
[0047] The turbine nozzle disclosed above provides 
a specifically configured inner band and cooperating 
skirt for enhanced cooling of the inner band as well as 

IS complementing the desired purge flow Into the forward 
and aft purge cavities. This combination of elements re- 
duces parts count, reduces complexity, and substantial- 
ly reduces cost of the turbine nozzle mounting the inter- 
stage honeycomb seal without compromising perform- 

20 ance, yet enhancing cooling of the entire inner band. 
[0048] The backing sheet of the honeycomb seal is 
directly mounted to the rigid cast skirt 44 by brazing 
thereto. The cooling cavity 46 defined between the inner 
band and the backing sheet provide substantially unob- 

25 structed circulation of cooling air over the back side of 
the inner band for effective cooling thereof against the 
Increased heat load from the off-center peaked combus- 
tion gas profile. The injector tubes 70 are directly joined 
to the inner ends of the corresponding impingement baf- 

30 fies 64 for providing pre-impingement cooling air into the 
inner band cooling cavity with maximum pressure and 
maximum cooling capability. 

[0049] The air Is injected through the side apertures 
74 of the injector tubes for circulation inside the common 

35 cavity without direct impingement cooling of the honey- 
comb seal backing sheet for reducing thermal stresses 
and corresponding distortion thereof. The singular re- 
tention slot 82 along with brazing of the backing sheet 
to the inner band skirt provide effective retention of the 

40 honeycomb seal reducing complexity over conventional 
bolted honeycomb seals or those seals with various 
forms of tongue and groove supporting hooks. 
[0050] By integrating the skirt with the inner band, 
common castings may be used with the individual vane 

45 segments and their corresponding portions of the outer 
and inner bands for reducing manufacturing complexity 
and associated costs. In the preferred embodiment, two 
vane segments are brazed together to fomn a nozzle 
doublet segment with a common open ended cavity 46 

50 which is simply closed by using the imperforate backing 
sheet of the honeycomb seal brazed to the perimeter of 
the skirt. 

[0051] Alternatively, three vane segments may be 
brazed together to form a nozzle segment triplet, with 
55 the outboard vane segments having three skirt walls and 
the inboard vane segment having two skirt walls collec- 
tively forming a common cavity closed by the backing 
sheet. And, even a single vane segment may have its 
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own inner band cavity defined by four skirt walls closed 
by the backing sheet. 

[0052] Finally, in view of the circumferential continuity 
of the forward and aft walls of the band skirt, the forward 
and aft purge holes 48,50 nnay be formed therein with 
maximum tangential Inclination not previously possible 
in limited space configurations. In this way, the purge 
holes may be directed for maximizing the velocity of the 
ejected purge air for minimizing differences in velocity 
with the rotating disks defining the forward and aft purge 
cavities. Improved efficiency of the discharge of the 
purge air from the common cooling cavity 46 may there- 
fore be obtained. 

[0053] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A turbine nozzle (30) comprising: 

a pair of hollow nozzle vanes (36) fixedly joined 
at opposite ends to outer and inner bands 
(38,40): 

said inner band (40) having a pair of supply ap- 
ertures (42) therethrough corresponding with 
said vanes, and an integral skirt (44) extending 
from a perimeter of said Inner band to define a 
common cavity (46) below said inner band and 
under said vanes; 

said skirt includes a plurality of forward and aft 
purge holes (48,50) extending therethrough at 
opposite axial ends of said Inner band in flow 
communication with said cavity; 
a honeycomb seal (60) having a backing sheet 
(62) brazed to said skirt to enclose said cavity 
to permit circulation of cooling air therein and 
cooling of said inner band; and 
each of said vanes (36) comprises a common 
casting with corresponding half portions of said 
outer and inner bands (38,40) having common 
spiitlines (80) brazed together to fomi an inte- 
gral nozzle segment having said vane pair in 
said outer and Inner bands. 

2. A nozzle according to clause 1 wherein: 

said vanes have axially opposite leading and 
trailing edges (76,78); and 
said skirt (44) includes a forward wall bridging 
said vane pair, an aft wall bridging said vane 
pair, and a pair of opposite endwalls disposed 
at opposite sides of said vane pair 

3. A nozzle according to clause 2 wherein said skirt 
aft wail includes a retention slot (82) receiving an 
aft end of said backing sheet (62), and said skirt for- 
ward wall and endwalts include smooth lands (84) 
brazed in abutment with said backing sheet. 

4. A nozzle according to clause 3 wherein said 



backing sheet (62) Is imperforate, and spaced from 
said inner band (40) within the full perimeter of said 
skirt (44) to pemnit unobstructed circulation of said 
cooling air along the inner surface of said inner band 
s for convection cooling thereof. 

5. A nozzle according to clause 4 further comprising 
an impingement baffle (64) disposed inside each of 
said vanes and including an injector tube (70) ex- 

10 tending through a corresponding one of said supply 
apertures (42) Into said cavity for supplying said 
cooling air thereto. 

6. A nozzle according to clause 5 wherein said In- 
15 jector tube (70) has a cap (72) facing said backing 

sheet (62) for obstructing flow of said cooling air, 
and a side aperture 74 for discharging said cooling 
air laterally into said cavity. 

20 7. A nozzle according to clause 6 wherein said cap 
is imperforate. 

8. A nozzle according to clause 6 wherein said in- 
jector tube (72) includes four of said side apertures 

2s (74) spaced apart from each other. 

9. A nozzle according to clause 6 wherein said in- 
jector tube (70) has a flow area, and said side ap- 
erture (74) has a flow area substantially equal there- 

30 to. 

1 0. A nozzle according to clause 6 wherein said in- 
jector tube (70) extends from said Inner band (40) 
and across said cavity (46) to position said cap ad- 

35 jacent to said backing sheet, and said side aperture 
(74) is disposed centrally between said inner band 
and backing sheet to distribute said cooling air lat- 
eral throughout said cavity without obstruction. 

40 11 . A turbine nozzle (30) comprising: 

a pair of hollow nozzle vanes (36) fixedly joined 
at opposite ends to outer and Inner bands 
(38,40); 

45 said inner band (40) having a pair of supply ap- 

ertures (42) extending therethrough corre- 
sponding with said vanes, and an integral skirt 
(44) extending from a perimeter of said inner 
band to define a common cavity (46) below said 

50 inner band and under said vanes; 

said skirt Includes a plurality of fon/vard and aft 
purge holes (48,50) extending therethrough at 
opposite axial ends of said inner band in flow 
communication with said cavity; and 

55 a honeycomb seal (60) having a backing sheet 

(62) brazed to said skirt to enclose said cavity 
to permit circulation of cooling air therein and 
cooling of said inner band. 
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1 2. A nozzle according to clause 1 1 further compris- 
ing an impingement baffle (64) disposed inside 
eacii of said vanes and including an injector tube 
(70) extending through a corresponding one of said 
supply apertures (42) Into said cavity for supplying s 
said cooling air thereto. 

13. A nozzle according to clause 12 wherein said 
Injectortube (70) has a cap (72) facing said backing 
sheet (62) for obstructing flow of said cooling air, io 
and a side aperture (74) for discharging said cooling 

air laterally Into said cavity. 

14. A nozzle according to clause 13 wherein said 
vanes (36) have axlally opposite leading and trailing is 
edges (76,78). and said skirt (44) at an aft end of 
said inner band (40) below said vane trailing edges 
includes a retention slot (82) receiving an aft end of 
said backing sheet (62), and a remainder of said 
skirt Includes smooth lands (84) brazed in abutment ^ 
With said backing sheet. 

15. A nozzle according to clause 14 wherein said 
backing sheet (62) is imperforate, and spaced from 
said inner band (40) within the full perimeter of said 
skirt (44) to permit unobstructed circulation of said 
cooling air along the inner surf ace of said inner band 
for convection cooling thereof. 

16. A nozzle according to clause 13 wherein each 30 
of said vanes (36) comprises a common casting 
with corresponding half portions of said outer and 
inner bands (38,40) having common splitlines (80) 
brazed together to form an integral nozzle segment 
having said vane pair in said outer and inner bands. 35 

17. A nozzle according to clause 16 wherein said 
skirt (44) comprises a common casting with said In- 
ner band (40), and includes a forward wall bridging 
said vane pair with said brazed splitline therebe- 40 
tween, and aft wall bridging said vane pair with said 
brazed splitline therebetween, and a pair of oppo- 
site endwalts disposed at opposite sides of said 
vane pair. 

45 

18. A turbine nozzle (30 comprising: 

a pair of hollow nozzle vanes (36) fixedly joined 
at opposite ends to outer and Inner bands 
(38.40): so 
said Inner band (40) having a pair of supply ap- 
ertures (42) extending therethrough corre- 
sponding with said vanes, and an integral skirt 
(44) extending from the perimeter of said inner 
band to define a common cavity (46) below said 55 
inner band and under said vanes; 
said skiri includes a plurality of fon^ard and aft 
purge holes (48,50) extending therethrough at 



opposite axial ends of said inner band In flow 
communication with said cavity; 
a honeycomb seal (60) having a backing sheet 
(62) brazed to said skirt to enclose said cavity 
to pennit circulation of cooling air therein and 
cooling of said inner band; 
an impingement baffle (64) disposed Inside 
each of said vanes and Including an injector 
tube (70) extending through a corresponding 
one of said supply apertures (42) into said cav- 
ity for supplying said cooling air thereto; and 
said injectortube (70) has a cap (72) facing said 
backing sheet (62) for obstructing flow of said 
cooling air, and a side aperture (74) for dis- 
charging said cooling air laterally Into said cav- 
ity. 

19. A nozzle according to clause 18 wherein: 

each of said vanes (36) comprises a common 
casting with corresponding half portions of said 
outer and inner bands (38,40) having common 
splifllnes (80) brazed together to fomrj an Inte- 
gral nozzle segment having said vane pair in 
said outer and inner bands; and 
said skirt (44) comprises a common casting 
with said inner band (40), and includes a for- 
ward wall bridging said vane pair with said 
brazed splitline therebetween, and aft wall 
bridging said vane pair with said brazed split- 
line therebetween, and a pair of opposite end- 
walls disposed at opposite sides of said vane 
pair. 

20. A nozzle according to clause 19 wherein said 
skiri aft wall includes a retention slot (82) receiving 
an aft end of said backing sheet (62), and said skiri 
forward wall and endwalls include smooth lands 
(84) brazed in abutment with said backing sheet. 

21 . A turiblne nozzle (30) comprising: 

a plurality of hollow nozzle vanes (36) fixedly 
joined at opposite ends to outer and Inner 
bands (38,40); 

said inner band (40) for each of said vanes hav- 
ing a supply aperture (42) extending there- 
through con^esponding with said vane, and an 
integral skirt (44) extending from a perimeter of 
said Inner band under each of said vanes to de- 
fine a corresponding cavity (46) below said in- 
ner band; 

said skirt Includes a plurality of forward and aft 
purge holes (48,50) extending therethrough at 
opposite axial ends of said inner band in flow 
communication with said cavity; and 
a honeycomb seal (60) having a backing sheet 
(62) brazed to sard skirt to enclose said cavity 
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to permit circulation of cooiing air therein and 
cooiing of said inner band. 



Claims 

1. A turbine nozzle (30) comprising: 

a plurality of hollow nozzle vanes (36) fixedly 
joined at opposite ends to outer and inner 
bands (38.40); 

said inner band (40) for each of said vanes hav- 
ing a supply aperture (42) extending there- 
through corresponding with said vane, and an 
Integral skirt (44) extending from a perimeter of 
said Inner band under each of said vanes to de- 
fine a corresponding cavity (46) below said in- 
ner band; 

said skirt Includes a plurality of fonward and aft 
purge holes (48,50) extending therethrough at 
opposite axial ends of said inner band in flow 
communication with said cavity; and 
a honeycomb seal (60) having a backing sheet 
(62) brazed to said skirt to enclose said cavity 
to permit circulation of cooling air therein and 
cooling of said inner band. 

2. A nozzle according to claim 1 further comprising an 
impingement baffle (64) disposed inside each of 
said vanes and including an injector tube (70) ex- 
tending through a corresponding one of said supply 
apertures (42) into said cavity for supplying said 
cooling air thereto. 

3. A nozzle according to claim 2 wherein said injector 
tube (70) has a cap (72) facing said backing sheet 
(62) for obstructing flow of said cooling air, and a 
side aperture (74) for discharging said cooling air 
laterally into said cavity. 

4. A nozzle according to claim 1 comprising: 

a pair of said hollow nozzle vanes (36), each of 
said vanes (36) comprising a common casting 
with corresponding half portions of said outer 
and Inner bands (38,40) having common split- 
lines (80) brazed together to fomri an integral 
nozzle segment having said vane pair in said 
outer and inner bands, fomri an Integral nozzle 
segment having said vane pair in said outer and 
inner bands. 

5. A nozzle according to claim 4 wherein: 

said vanes have axially opposite leading and 
trailing edges (76,78); and 
said skirt (44) Includes a forward wall bridging 
said vane pair, an aft wall bridging said vane 



pair, and a pair of opposite endwalls disposed 
at opposite sides of said vane pair. 

6. A nozzle according to claim 5 wherein said skirt aft 
s wall includes a retention slot (82) receiving an aft 
end of said backing sheet (62), and said skirt for- 
ward wall and endwalls include smooth lands (84) 
brazed in abutment with said backing sheet. 

10 7. A nozzle according to claim 6 wherein said backing 
sheet (62) is Impertorate, and spaced from said in- 
ner band (40) within the full perimeter of said skirt 
(44) to permit unobstructed circulation of said cool- 
ing air along the inner surface of said inner band for 

15 convection cooling thereof. 

8. A nozzle according to claim 7 further comprising an 
impingement baffle (64) disposed inside each of 
said vanes and including an Injector tube (70) ex- 

20 tending through a corresponding one of said supply 
apertures (42) into said cavity for supplying said 
cooling air thereto. 

9. A nozzle according to claim 1 comprising: 

25 

a pair of said hollow nozzle vanes (36); 
an impingement baffle (64) disposed inside 
each of said vanes and including an injector 
tube (70) extending through a corresponding 

30 one of said supply apertures (42) into said cav- 

ity for supplying said cooling air thereto; and 
said Injector tube (70) having a cap (72) facing 
said backing sheet (62) for obstructing flow of 
said cooling air, and a side aperture (74) for dls- 

35 charging said cooling air laterally into said cav- 

ity. 

10. A nozzle according to claim 9 wherein: 

40 each of said vanes (36) comprises a common 

casting with corresponding half portions of said 
outer and inner bands (38,40) having common 
splitlines (80) brazed together to fomn an inte- 
gral nozzle segment having said vane pair in 

45 said outer and inner bands; and 

said skirt (44) comprises a common casting 
with said inner band (40), and includes a for- 
ward wall bridging said vane pair with said 
brazed splitllne therebetween, and aft wall 

50 bridging said vane pair with said brazed split- 

line therebetween, and a pair of opposite end- 
walls disposed at opposite sides of said vane 
pair. 
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